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Abstract Unfortunately, many persons are injured or
killed during disasters. The problems of paper triage tags,
which are widely used at disaster scenes, include an
inability to show the current priorities of casualties and a
failure to collect the physiological conditions of the casu-
alties. To save lives, this paper proposes an electronic tri-
age system that consists of two types of electronic triage
tags and an electronic triage server. The electronic triage
tag continuously monitors the vital signs of casualties and
transmits them to the electronic triage server, and the
electronic triage system shows the current priorities of the
casualties. Experimental results show that our proposed
electronic triage system can save more lives than paper
triage tags.
1 Introduction
Unfortunately, disasters happen every year, and many
persons are injured and killed in them. At disaster scenes,
the number of casualties usually greatly exceeds the
amount of medical resources. In such situations, providing
sufficient medical care to all the casualties is difficult.
Therefore, to save as many lives as possible, we must
prioritize (triage) the casualties for treatment and trans-
portation to hospitals by assessing their physiological
conditions and vital signs.
To show the priorities of casualties, paper triage tags are
currently used at disasters. A paper triage tag has four
colored tags on its bottom and shows the priority by the
color that is not torn off.
Even though paper triage tags have been widely used at
disasters, they suffer from the following limitations:
• They cannot monitor vital signs.
• They do not show current priority based on the present
physiological condition.
• Rescue commanders have difficulty collecting the
overall physiological conditions of the casualties.
• Triage officers spend much time recording physiolog-
ical conditions by pen because they are expected to
triage one casualty within 60 s.
This paper proposes and implements an electronic triage
system for monitoring the casualties in disasters. Our
proposed electronic triage system consists of two types of
electronic triage tags and an electronic triage server. The
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electronic triage tags continuously measure vital signs,
prioritize treatment and transportation to hospitals based on
vital signs and physiological conditions, and electronically
display the priority The electronic triage tags also wire-
lessly transmit the priority, the vital signs, and the physi-
ological conditions to an electronic triage server located in
the on-site rescue control center. The electronic triage
server shows the real-time overall physiological conditions
of the casualties and monitors the changes in their physi-
ological conditions. We expect that our proposed electronic
triage system will save many lives by quickly finding the
casualties whose physiological conditions are worsening.
The rest of this paper is organized as follows. Section 2
introduces current disaster medical operations and related
work. Section 3 proposes our new electronic triage system
whose details are described in Sects. 4 and 5. Section 6 shows
our experimental results and Section 7 provides a conclusion.
2 Paper triage tags and related work
2.1 Triage at disaster scenes
Unfortunately, many disasters happen every year, including
accidents involving trains, airplanes, buses, and cars and
others caused by explosions, fires, collapsing buildings,
and terrorism. In such situations, tens or hundreds of per-
sons are killed or injured, and many persons require
immediate medical care. However, in the early stage of
disaster response, the number of injured greatly exceeds the
amount of such medical resources as doctors/nurses, rescue
teams, ambulances, and medical supplies and equipment.
In such situations, it is often impossible to adequately
provide enough medical care to all the injured.
To prevent further loss of life, the order of treatment and
transportation is crucial. To meet the above requirements,
we must prioritize the treatment and the transportation of
the injured by assessing their physiological conditions and
vital signs by triage.
In disaster medicine, casualties are generally classified into
four categories, each of which is usually represented by a color:
• Category I (Red): An injured person who will survive if
he/she receives immediate treatment or transportation
to a hospital. Persons in this category will not survive
without immediate medical care.
• Category II (Yellow): An injured person whose treat-
ment and transportation can be delayed and who can
wait for treatment and transportation until the ‘‘Red’’
casualties have been addressed.
• Category III (Green): An injured person who only
needs minor medical attention. Although the persons in
this category are injured, they can walk and wait for
treatment and transportation until the ‘‘Red’’ and
‘‘Yellow’’ casualties have been addressed.
• Category 0 (Black): A fatality, an injured person whose
possibility of survival is very low, or an injured person
who requires many medical resources to survive.
Note that these categories represent the priority of
treatment and transportation to hospitals. Since the physi-
ological conditions of casualties may change suddenly,
continuously updated periodical examinations are required.
2.2 Paper triage tags
The paper triage tag shown in Fig. 1 is currently used at
disaster scenes. It has a form on which to record personal
information of the casualty and at the bottom cutoff tags:
black, red, yellow, and green.
The triage officer examines all the casualties at the
disaster scene to decide their priority. Based on the priority,
the triage officer cuts the unnecessary color tags from the
paper triage tag and attaches it to the casualty. Casualties
are treated and transported to hospitals based on the priority
order. The triage officer also writes down the physiological
condition of the casualty.
2.3 Simple triage and rapid treatment (START)
In incidents with mass casualties, time is precious. All
casualties must be classified as quickly as possible so that
treatment and transportation can be started.
Fig. 1 Paper triage tag in Japan
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The most important factors for survival are circulation
and respiration. Since disorders of the circulatory and
respiratory systems directly cause death, we must imme-
diately identify casualties whose circulatory or respiratory
system conditions are severely damaged.
Simple triage and rapid treatment (START) is one
method for finding such casualties (Benson et al. 1996).
The START method is widely used since it classifies casu-
alties into four categories without medical equipment. Triage
officers are generally expected to prioritize casualties within
60 s. The following is the flow of the START method (Fig. 2):
(1) Assessment of walking: If the casualty can walk, he/
she is placed in Category III, Green. If he/she cannot
walk, go to assessment (2).
(2) Assessment of respiration: If he/she can respire
spontaneously, go to (3). If he/she cannot, the triage
officer immediately opens the airway. If respiration
recovers, he/she is placed in Category I, Red. If he/
she cannot respire spontaneously after opening the
airway, he/she is placed in Category 0, Black.
(3) Assessment of breath rate: The triage officer examines
the casualty’s breath rate. If her breath rate is not normal
(10 [rpm] B breath rate B 30 [rpm]), he/she is placed in
Category I, Red. Otherwise, go to assessment (4).
(4) Assessment of capillary refill time (CRT): If her CRT
is not normal (CRT B 2 [s]), he/she is placed in
Category I, Red. Otherwise, go to assessment (5).
(5) Assessment of consciousness: If he/she can follow
simple commands, he/she is placed in Category II,
Yellow. If he/she cannot, he/she is placed in Category
I, Red.
Note that since CRT, which is the amount of time
required for empty capillaries to refill, is used as a circu-
lation index in the START method, it can be easily eval-
uated without medical equipment by lightly pressing a
casualty’s fingernail. The color of the pressed fingernail
will turn white and return to pink after the pressure is
removed. CRT is the time required by the color to change
from white to pink.
2.4 Disaster rescue operation by paper triage tags
Figure 3 shows the current disaster rescue operation flow
using paper triage tags.
1. Rescue: Casualties are rescued from disaster areas and
transported to the triage post.
2. Triage: At the triage post, they are classified into
four categories by examining their physiological
conditions based on the START method. Based on
the casualty’s priority, the unnecessary color tags are
removed from the paper triage tag, which is attached to
the casualty.
3. Treatment: They are transported to the zone corre-
sponding to the priority color in the treatment area or
the temporary morgue and treated in the priority order.
4. Transportation: They are transported to hospitals in
the priority order.
Fig. 2 START method Fig. 3 Disaster rescue operation flow
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2.5 Problems with paper triage tags
Even though paper triage tags are widely used at disaster
scenes, they have the following obvious limitations:
Lack of real-time monitoring: They cannot measure
the vital signs or continuously monitor a casualty’s phys-
iological conditions.
No current priority: They do not show the current
priority based on the casualty’s present physiological
condition because they cannot monitor vital signs. In other
words, paper triage tags only show the past priority that
reflects when a casualty was first examined and triaged.
Since the casualty’s priority is not changed, even if their
physiological condition becomes critical, a casualty might
die due to treatment and transportation delays.
Difficulty of collecting physiological conditions:
During an incident with mass casualties, many are trans-
ported from the disaster area to the triage post and from the
triage post to hospitals. To dynamically decide the treat-
ment and transportation order, updated information is
strongly required. However, the rescue commander collects
the information of casualties by transceivers or oral reports.
Therefore, rescue commanders have difficulty collecting
the overall physiological conditions of casualties at disaster
scenes in real time.
Time required to attach tags: Triage officers are
expected to triage one casualty within 60 s. However, since
they must write the physiological conditions by pen and
paper, finishing within such a short time is very difficult.
2.6 Related work
In this section, we introduce related work on triage tags and
wireless monitoring systems on telemedicine systems.
A triage system that consists of a paper triage tag with an
embedded RF-ID chip, a portable smart device with an RF-ID
reader, and a triage server in (Sonoda et al. 2007). First, the
triage officer decides the category and attaches a paper triage
tag to the casualty. Then the triage officer inputs the category
to the portable smart device and reads the tag ID by the RF-ID
reader. The portable smart device wirelessly transmits the tag
ID and the category to the triage server. In this system, even
though the triage server collects information of the casualties,
it cannot update the priorities in real time.
A wireless network to disaster scenes (Banitsas et al. 2001;
Midkiff and Bostian 2002), and a wireless triage system
(Wendelken et al. 2004; Ryan et al. 2011a, b) are introduced.
However, they only briefly sketched the structures and compo-
nents of their systems without discussing or implementing them.
Many wireless monitoring systems on telemedicine have
been proposed, including a wireless network that connects
wards and remote hospitals by laptop computers (Banitsas
et al. 2001), a PDA-based teleradiology system
(Georgiadis et al. 2004), a PDA-based system for moni-
toring electromagnetic signals (Georgiadis et al. 2006), a
telemonitoring system on electromagnatic signals by
smartphones and 3G wireless networks (Cavouras et al.
2008), and a PDA-based teleradiology terminal (Ninos
et al. 2010). The systems proposed in (Kim and Le 2008)
can wirelessly monitor pulse rate, SpO2, and electrocar-
diogram. A context-aware service discovery for healthcare
using wireless body sensor network is proposed by Fenza
et al. (2012). However, their target situations are not
disaster scenes.
The systems proposed in (Pavlopoulos et al. 1998;
Lorincz et al. 2004; Malan et al. 2004; Shnayder et al.
2005) can monitor the pulse rate and SpO2 of casualties
and transmit them to the server. The systems proposed by
Ahn et al. (2008) can monitor the pulse rate and electro-
cardiogram of casualties and transmit them to the server.
The rescue commander can monitor casualties in real time.
However, they do not prioritize casualties.
The systems proposed by Gao et al. (2007, 2008) not
only can monitor the vital signs of casualties but can also
input a priority category for them. However, since a
casualty’s physiological conditions cannot be input to the
system, the rescue commander cannot collect breath rates
and physiological conditions. Since these systems cannot
measure breath rates, they cannot monitor the respiratory
systems of casualties, and it is difficult to appropriately
manage treatment and transportation order in real time.
The systems proposed by Gao et al. (2007, 2008), Ahn
et al. (2008), Maltz et al. 2006, Yu and Ganz (2011) can
tracking casualties using GPS or wireless networks at the
disaster scene. However, they do not prioritize casualties.
3 Electronic triage system
To solve the problems described in Sect. 2.5, this paper
proposes a new electronic triage system. Figure 4 shows a
Fig. 4 Sketch of proposed electronic triage system
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sketch of our proposed electronic triage system that con-
sists of two types of electronic triage tags, eTriage-full and
eTriage-light, which are attached to the casualties and the
triage server located in the on-site rescue control center.
eTriage-full: eTriage-full (Fig. 5) can measure the
pulse rate, SpO2,
1 and the breath rate. eTriage-full has a
finger probe and a canula, which are attached to a finger
and the casualty’s nose, respectively (Fig. 6). The pulse
rate and SpO2 are measured by the finger probe, and the
breath rate is measured by the canula.
eTriage-light: eTriage-light (Fig. 7) can measure the
pulse rate and SpO2. Since eTriage-light has a built-in
sensor, it can be attached quickly by inserting a finger
(Fig. 8).
eTriage-full and eTriage-light are attached to casualties
based on their physiological conditions. Since eTriage-full
has a finger probe and a canula, attaching it quickly to a
casualty is difficult. Therefore, eTriage-light is attached to
most casualties since the time for attachment is shorter
under time pressure. eTriage-full is attached to a casualty
whose physiological condition is severe, i.e., those classi-
fied into Category I, Red, since it can observe the respi-
ration conditions in detail.
eTriage-full and eTriage-light continuously measure
vital signs and automatically decide the priority category
based on the measured vital signs and the physiological
conditions of the casualties. eTriage-full and eTriage-light
can wirelessly transmit information to the triage server at
the on-site rescue control center.
Our electronic triage system shows the overall physio-
logical conditions of casualties and the information
received from electronic triage tags and monitors the
Fig. 5 eTriage-full
Fig. 6 Attachment of eTriage-full
Fig. 7 eTriage-light
Fig. 8 Attachment of eTriage-light
1 Percutaneous oxygen saturation: saturation rate of oxygen in blood.
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changes in their physiological conditions. eTriage-full and
eTriage-light are used for different types of casualties.
However, since the wireless communication and the
interface of eTriage-full and eTriage-light share specifica-
tions for usability, they can be used together in our pro-
posed system.
4 Electronic triage tags: eTriage-full and eTriage-light
This section introduces the details of our two types of
electronic triage tags: eTriage-full and eTriage-light.
Table 1 shows their specifications.
4.1 Modules of electronic triage tags
Figure 9 shows the block diagram of eTriage-full and
eTriage-light. Both electronic triage tags consist of vital
sensor, Interface, RF, and control units.
4.1.1 Sensor unit
The sensor unit of eTriage-full has a finger probe, a canula,
and an LCD panel (Fig. 10). eTriage-full measures the
pulse rate and SpO2 by the finger probe and the breath rate
by the canula. The measured values are continuously dis-
played on the LCD panel (Fig. 10).
eTriage-light, which has a built-in photonic sensor and
an LED (Fig. 11), is attached to a finger, and its built-in
photonic sensor measures the pulse rate and SpO2.
The measured values are continuously displayed on the
LCD panel (Fig. 12).
Table 1 Specifications of electronic triage tags
eTriage-full eTriage-light
Sensor Pulse rate, SpO2, breath
rate
Pulse rate, SpO2
CPU ARM 920 T 180 MHz ARM 920 T 180 MHz
Memory 512 KB RAM, 4 MB
Flash
512 KB RAM, 4 MB
Flash
Wireless IF IEEE 802.15.4 2.4 GHz IEEE 802.15.4 2.4 GHz
Input IF Pushbutton switch x 2 Pushbutton switch x 2
Output IF
(LED)
RGB LED x 8 RGB LED x 8
Output IF
(LCD)
LCD x 1 LCD x 1
Size 10 cm (W) x 8.3 cm
(L) x 2.9 cm (D)
5 cm (W) x 11.7 cm
(L) x 3.9 cm (D)
Weight 156 g 123 g
Battery 720 mAh Li-ion 720 mAh Li-ion
Operation time 7.5 h 10 h
Fig. 9 Block diagram of eTriage-full and eTriage-light
Fig. 10 LCD panel of eTriage-full
Fig. 11 eTriage-light’s built-in photonic sensor and LED
Fig. 12 eTriage-light’s LCD panel
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4.1.2 Interface unit
The interface units of eTriage-full and eTriage-light have
identical specifications and consist of eight RGB LEDs and
two pushbutton switches (Fig. 13). LEDs display the color
of a casualty’s category.
The triage officers use pushbutton switches to input
the physiological conditions of a casualty. Questions about
the physiological conditions that are used to determine the
priority are printed above the LEDs (Fig. 13). They input
the physiological conditions to answer the questions by
YES/NO pushbutton switches.
Six LEDs correspond to six questions. White denotes the
waiting input for the corresponding question. Green means
a YES answer to the corresponding question. Red means
NO answer.
4.1.3 RF unit
The RF units of eTriage-full and eTriage-light have iden-
tical specifications. The electronic triage tag has a IEEE
802.15.4 2.4 GHz wireless interface and constructs an ad
hoc wireless network. The electronic triage tag transmits
vital signs, the priority, and the physiological conditions of
a casualty to the electronic triage server over the ad hoc
wireless network.
4.1.4 Control unit
The control units of eTriage-full and eTriage-light also
have identical specifications. The control unit consists of
a 180 MHz 32 bit ARM processor, 512 KB RAM, and
4 MB flash memory. The control units manage other
units.
4.2 Features
This subsection introduces several features of eTriage-full
and eTriage-light.
4.2.1 Detailed triage mode
The electronic triage tag provides a detailed triage mode to
triage officers. In the detailed triage mode, the triage officer
inputs a casualty’s physiological conditions by the inter-
face of the electronic triage tag (Sect. 4.1.2) that decides
the casualty’s priority based on the inputted physiological
conditions: the pulse rate, SpO2, walking ability, and
consciousness.
The electronic triage tag decides the priority based on
the START method. The difference from the START
method is only the CRT assessment. The START method
uses CRT, which is one simple index that can be measured
without medical equipment, as an index of circulation.
However, we use pulse rate instead of CRT to assess
the circulatory system because it is another index of the
circulatory system and can be measured by electronic
triage tags. We define the normal pulse rate range as 50
[rpm] B pulse rate B 120 [rpm].
Figure 14 shows the flow for determining the priority by
electronic triage tags and LED lighting at each assessment.
The flow details are described as follows:
Fig. 13 Interface of electronic triage tag
Fig. 14 Triage flow by electronic triage tag
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(1) Assessment of walking: At this phase the ‘‘Walking’’
LED is white, and the electronic triage tag is waiting
for input of the physiological condition of the
casualty and asks, ‘‘Can he/she walk?’’ If he/she can
walk, the triage officer pushes YES button, and the
electronic triage tag chooses priority Category III,
Green and turns on all of the green LEDs. If the
casualty cannot walk, the triage officer pushes NO
button, and the electronic triage tag turns on the red
LED and goes to assessment (2).
(2) Assessment of respiration: At this phase, the
‘‘Respiration’’ LED is white. The triage officer
assesses the casualty’s spontaneous respiration. If
the casualty can respire spontaneously, the triage
officer pushes YES button, and the LEDs become
green, and the triage officer goes to assessment (3). If
he/she cannot respire spontaneously, the triage officer
pushes NO button, and the LEDs become red and the
‘‘Airway’’ LED becomes white. The triage officer
immediately opens the airway. If the casualty’s
respiration recovers, the triage officer pushes YES
button, and the casualty is placed in Category I, Red,
and all the LEDs become red. If the casualty’s
respiration does not recover, the triage officer pushes
NO button, and the casualty is placed in Category 0,
Black, and all the LEDs become white. Note that we
use white to represent Category 0, Black, instead of
turning off the LEDs to distinguish Category 0 from
tag malfunctions.
(3) Assessment of breath rate: When the ‘‘Breath’’ LED
is white, the system wants input about the casualty’s
breath rate. If it is not normal (10 [rpm] B breath
rate B 30 [rpm]), the triage officer pushes NO button,
and the casualty is placed in Category I, Red, and all
the LEDs become red. Otherwise, the triage officer
pushes YES button, and the LEDs become green, and
the triage officer goes to assessment (4).
(4) Assessment of pulse rate: When the ‘‘Pulse’’ LED is
white, the system wants input about the casualty’s
pulse rate. If it is not normal (50 [rpm] B pulse
rate B 120 [rpm]), the triage officer pushes NO
button. The casualty is placed in Category I, Red,
and all the LEDs become red. Otherwise, the triage
officer pushes YES button, and the LEDs become
green, and the system goes to assessment (5).
(5) Assessment of consciousness When the ‘‘Conscious-
ness’’ LED is white, the system wants input about
whether the casualty can follow simple commands. If
yes, the triage officer pushes YES button, and the
casualty is placed in Category II, Yellow, and all the
LEDs become yellow. Otherwise, push NO button,
and the casualty is placed in Category I, Red, and all
the LEDs become red.
4.2.2 Simple triage mode
In this paper we assume that a triage officer triages casu-
alties with our proposed electronic triage tag. The detailed
triage mode is not sufficient to triage casualties quickly if
mass casualties occurred or the triage officer has not
arrived early enough. The electronic triage tag can provide
a simple triage mode to support triage under such situa-
tions. In the simple triage mode, the electronic triage tag
automatically decides a casualty’s priority based on the
measured vital signs without input by triage officers.
The circulatory and respiratory systems are the most
important factors for human life. Circulatory disorder
causes cardiac standstill, which means death, and acute
respiration disorder will eventually cause circulatory dis-
order. The pulse rate and SpO2 are the indexes to assess the
circulatory system, and the breath rate assesses the respi-
ration system. Note that since respiration disorder decrea-
ses oxygen in the blood, SpO2 will fall. Therefore we can
use it to assess the circulatory system.
eTriage-light can triage casualties based on the mea-
sured vital signs. eTriage-light decides the priority category
through the pulse rate and SpO2 as follows.
• Category I (Red): satisfies one of the following
– Pulse rate \50 [rpm] or [120 [rpm]
– SpO2 \90 %
• Category II (Yellow): satisfies one of the following
– 50 [rpm] B pulse rate \ 60 [rpm] or 100 [rpm]
\ pulse rate B 120 [rpm]
– 90 % B SpO2 \ 96 %
• Category III (Green): satisfies the following
– 60 [rpm] B pulse rate B 100 [rpm]
– 96 % B SpO2 B 100 %
eTriage-full can measure breath rate as an index of the
circulatory system. However, the time required to attach
eTriage-full is long. In this paper, we implement this fea-
ture on eTriage-light since it can be attached in a few
seconds (Table 2).
Table 2 Relations between vital signs and priority level
eTriage-full eTriage-light
Pulse rate [rpm] Category I red \50 or [120
Category II yellow 50–60 or 100–120
Category III green 60–100
SpO2 [%] Category I red \90
Category II yellow 90–96
Category III green 96–100
554 K. Sakanushi et al.
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4.2.3 Monitoring vital signs
The electronic triage tag continuously measures the vital
signs (pulse rate, SpO2, and breath rate) and flashes the
LEDs in their priority colors at the intervals of the mea-
sured the pulse rate. Moreover, it wirelessly transmits the
vital signs to the electronic triage server once a minute.
4.2.4 Notification
The electronic triage tag changes into the notification mode
in the following cases:
• when it finds abnormal data on the measured vital
signs.
• when the rescue commander finds a casualty whose
physiological condition has drastically changed by the
electronic triage server.
• when one hour has passed from the previous triage or
examination.
In the notification mode, LEDs on the electronic triage
tag become blue, and the electronic triage tag sounds a
buzzer to notify the rescue teams around the casualty. A
rescue team rushes to the casualty, re-assesses it, does a
detailed triage with the electronic triage tag, and enters its
physiological condition into the electronic triage tag.
5 Electronic triage server and rescue operation
5.1 Electronic triage server
The electronic triage server is located at the on-site rescue
control center to monitor the overall physiological condi-
tions of the casualties at disaster scenes. Figure 15 shows a
display with the following information on it:
• Number of casualties in Red, Yellow, Green, or Black
category
• Tag ID, priority, vital sign, and physiological condition
– vital signs: pulse rate, SpO2, and breath rate
– physiological condition: walking, respiration, res-
piration after airway management, breath rate, pulse
rate, and consciousness
The display of the electronic triage server is updated in
real time. Therefore, this information enables a casualty to
be found whose physiological conditions have drastically
changed.
The electronic triage server can make the electronic
triage tag to change to the notification mode when a
casualty whose physiological condition drastically changes
when the rescue commander finds such a casualty on the
display.
Using the information on the server, the rescue com-
mander can easily collect the overall physiological condi-
tions of the casualties at the disaster scene, quickly find one
whose physiological condition needs attention, and notify
the rescue team. More lives can be saved by such quick
responses of rescue commanders and rescue teams.
5.2 Disaster rescue flow with electronic triage system
This paper proposed a new electronic triage system that
consists of two types of electronic triage tags, eTriage-full
and eTriage-light, and an electronic triage server. This
section introduces a new disaster medical operation flow
using our electronic triage system.
1. Rescue: Rescue casualties from disaster points and
transport them to the triage post.
2. Triage:
• Attachment: Place an electronic triage tag on
casualties.
• Triage: Examine and input the physiological
conditions of casualties to the electronic triage
tags by pushing YES or NO buttons. The electronic
triage tag decides a category for the casualties
based on the input physiological conditions and
turns on LEDs in the color that corresponds to the
priority. During such severe situations mentioned
in Sect. 4.2.2, the simple triage mode automatically
triages casualties.
3. Measurement and monitoring: The electronic triage tag
continuously measures a casualty’s vital signs and
wirelessly transmits them, its priority, and its physi-
ological conditions to the server at the on-site rescue
control center at the disaster scene in real time. Rescue
commanders can easily collect the overall situation at
disaster scenes in real time.Fig. 15 Display of electronic triage server
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4. Treatment and re-triage: If a casualty whose physio-
logical condition drastically changes is found by
monitoring on the server, the rescue commander sends
a rescue team to it and for immediate treatment. After
treatment, the casualty is re-triaged and its priority is
updated.
5. Transport: Transport casualties to hospitals by ambu-
lances, cars, or helicopters based the priority.
6 Evaluation of electronic triage system
This section introduces our experimental results that show
the superiority of our proposed electronic triage system.
6.1 Triage time
The proposed electronic triage tag has a simple interface to
input a casualty’s physiological conditions. eTriage-light
can be attached quickly and easily to a casualty just by
inserting a finger into it. As mentioned in Sect. 3, we
expect that casualties with severe physiological conditions
will be attached to eTriage-full and that almost all others
will be attached to eTriage-light. Therefore, in this exper-
iment, we compared the triage times for the following two
cases:
• Electronic triage tag (eTriage-light): A triage officer
inputs the physiological conditions of a casualty by our
proposed simple interface of the electronic triage tag,
which automatically decides the casualty’s priority
based on the input, and shows the priority color by
RGB LEDs.
• Paper triage tag: A triage officer writes down a
casualty’s physiological condition and its priority and
removes the unused color tags.
In this experiment, a casualty has a symptom card on
which age, gender, main complaint, vital signs (pulse rate,
SpO2, and breath rate), and physiological conditions
(walking, respiration, consciousness) are denoted. We
measured the consumed time until a triage officer finished
the triage from the time casualty opened a symptom.
In this experiment, one triage officer manages ten
casualties, and we measured the required time five times
(i.e., five different triage officers) for both cases. Table 3
shows the average triage time per casualty in both cases.
The average triage time using the paper triage tags was
28.5 s, and using the proposed electronic triage tag it was
only 15.2 s. This result shows that electronic triage tags
can triage rapidly and are superior in terms of triage time.
6.2 Life saving ratio
Since our proposed electronic triage tags can measure vital
signs and transmit them to the electronic triage server
located at the on-site rescue control center, it can contin-
uously monitor casualties and quickly respond to drasti-
cally changing physiological conditions. Therefore, we
expect that our proposed triage system will save more lives
than paper triage tags. This experiment compares the
number of fatalities through a rescue simulation by the
following three cases:
• using paper triage tag:
• using electronic triage tag:
• using electronic triage system (tag and server):
In this experiment, we assume ten casualties, all of
whom are triaged, treated, and transported. Each casualty
has a scenario, and the vital signs and casualty’s condition
change based on it. The following are defined in the sce-
narios used in our experiments:
• initial vital signs and physiological conditions
• new vital signs and physiological conditions after
treatment
• required medical treatments for the physiological
condition and time consumption for the treatments
• time when the casualty will die if he/she fails to receive
suitable medical treatments
To neutralize any effect from the medical experience of
the triage officers, we included required suitable medical
treatments and treatment times for each physiological
condition in the scenarios.
In these rescue simulation scenarios, eight of ten casu-
alties could die. We assumed that time passes three times
faster than in the real world and an ambulance arrives at the
disaster scene every three minutes, i.e., nine minutes in the
real world. In this rescue simulation, we defined success as
when a casualty is still alive after being placed in an
ambulance.
Table 4 shows the average number of fatalities in the
seven triage simulations for the three cases (21 triage
simulations in total). 2.23 casualties died using the paper
Table 3 Average triage time
Electronic triage tag Paper triage tag
15.2 (s) 28.5 (s)
Table 4 Fatalities by paper triage tags, electronic triage tags, and
electronic triage system
Paper triage tag Electronic triage tag Electronic triage system
2.23 1.7 1.4
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triage tags since the triage officer couldn’t identify
casualties whose conditions drastically changed without
re-examining them. Since the triage officer might find a
casualty in the same zone whose condition has drastically
changed, 1.7 casualties died using the electronic triage
tags. Since the triage officer might find a casualty in any
zone whose condition has drastically changed in real time,
only 1.4 casualties died with the electronic triage system.
This result shows that our proposed electronic triage sys-
tem can save more lives than the conventional triage
method using paper triage tags.
Note that this experiment is just a pilot simulation. The
number of casualties at the disaster scenes targeted by the
proposed electronic triage system ranged from ten to
hundreds (mainly tens). The number of casualties might be
much fewer than our target disaster scene. To prepare a
disaster situation with larger casualties is beyond the scope
of this paper. Much progress of physiological conditions is
required to make a large disaster scenario. However, suf-
ficient progress at disaster scenes remains unrecorded.
Therefore, preparing larger disaster scenarios is difficult.
We believe that this problem will be solved in the future
when such electronic triage systems are practically used.
Because they can record the progress of a casualty’s physio-
logical condition, we can accumulate much progress and
establish accurate casualty models of disaster scenes. Since
accurate models will enhance triage methods and the rescue
flow, our proposed electronic triage system will save more lives.
7 Conclusion
This paper proposed an electronic triage system for disaster
scenes that consists of two types of electronic triage tags
and an electronic triage server. The electronic triage tags
can be attached to a casualty and can continuously monitor
its vital signs. Using the proposed triage system, a casualty
whose physiological condition drastically changes can be
found immediately for quick responses. Based on the
experimental results, we conclude that the physiological
condition of a casualty can be quickly inputted into elec-
tronic triage tags, and more lives can be saved using the
proposed electronic triage system than paper triage tags.
Our proposed electronic triage system categorizes
casualties. However, it does not determine the order of
casualties for treatment and transportation. Rescue com-
manders decide treatment and transportation orders. Future
work will enhance our electronic triage system so that it
can decide the order of casualties or provide such infor-
mation to rescue commanders.
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